INTRODUCTION
Protein undernutrition has its most devastating consequences during growth. Deficiency of any one or more of the essential amino acids, or a deficient protein intake, is characterized by negative nitrogen balance, weight loss and impaired growth in infants and children (kwashiorkor) [1] .
Growth is controlled by the complex interaction of genetic, hormonal and nutritional factors. A large part of this control is due to the insulin-like growth factor (IGF) -I and -II [2] [3] [4] . IGF-I and IGF-II are two polypeptides that are structurally related to proinsulin. They are produced by most tissues of the body, essentially the liver, and are abundant in the circulation. They have a broad array of biological activities, including stimulation of mitogenesis, differentiation and expression of differentiated functions. The biological activities of the IGFs are modulated by IGF-binding proteins (IGFBPs) that specifically bind IGF-I and IGF-II. Among the six IGFBPs identified [5] , only IGFBP-1 displays rapid dynamic regulation in i o with serum levels varying 10-fold or more in relation with food intake. Plasma IGFBP-1 is increased by fasting [6, 7] , malnutrition [8, 9] and diabetes [10, 11] . In cultured hepatocytes, IGFBP-1 expression is increased by treatment with dexamethasone and agents that raise intracellular levels of cAMP [12] , and is lowered by insulin ( [13] , for a review see [14] ). Although the function of IGFBP-1 is not completely defined, several studies demonstrate that IGFBP-1 inhibits IGF binding to cell-surface receptors and thereby modulates IGF-mediated mitogenic and cell-metabolic actions ( [15] ; for a review see [14] ). Using IGFBP-1 administration in rat [16] or transgenic mice over-expressing hepatic IGFBP-1 [17] [18] [19] , it was shown that the IGFBP-1 level might modulate the hypoglycaemic activity of unbound IGFs in the circulation and suggest a role for IGFBP-1 in glucose counter-regulation. Moreover, these data show that permanent hepatic expression of IGFBP-1 leads to growth retardation during both ante-and Abbreviations used : IGF, insulin-like growth factor ; IGFBP, insulin-like-growth-factor-binding protein ; GH, growth hormone ; DMEM/F12, Dulbecco's modified Eagle's medium F12 ; LPD, low-protein diet ; GAPDH, glyceraldehyde-3-phosphate dehydrogenase. 1 To whom correspondence should be addressed (e-mail fpierre!clermont.inra.fr).
concentration in the range of that observed in the blood of rats fed a low-protein diet or in humans affected by kwashiorkor. Moreover, treatment of HepG2 cells with amino acids at a concentration reproducing the amino acid concentration found in portal blood of rats fed a low-protein diet leads to a significantly higher expression of IGFBP-1. These data represent the first demonstration that an amino acid limitation, as occurs during dietary protein deficiency, induces IGFBP-1 expression in hepatic cells. Therefore, amino acids by themselves can play, in concert with hormones, an important role in the control of gene expression.
post-natal periods and impaired development of organs such as the brain. Growth defect associated with protein malnutrition takes place in the presence of normal or elevated levels of growth hormone (GH) [20] . However, the circulating level of IGF-I is decreased, whereas IGFBP-1 expression is strongly increased, suggesting that IGF-I and IGFBP-1 are differentially regulated and may play an important role in the nutritional regulation of growth [21, 22] . Strauss et al. [23] have reported a higher level of IGFBP-1 expression in protein-restricted animals than in starved animals. This difference could not be explained by a variation in the plasma level of glucose, insulin or GH. These authors suggested that other additional metabolic factors could be involved in IGFBP-1 gene regulation. They also showed that IGFBP-1 expression was induced in H4-II-E hepatoma cells deprived of an essential amino acid and hypothesized that amino acids by themselves could contribute to the regulation of IGFBP-1 gene expression.
In mammals, the plasma concentration of free amino acids is markedly affected by nutritional conditions [24] [25] [26] ; this is particularly evident in portal blood. Therefore liver cells are in contact with highly variable concentrations of amino acids. Although the control of mammalian gene expression by amino acids is still poorly documented, it has been shown that deprivation of a single essential amino acid causes a specific increase in mRNA abundance of certain genes, including c-myc, c-jun, ornithine decarboxylase [27] , asparagine synthetase [28] , the mammalian equivalent of ribosomal protein L-17 [29] and CHOP (also called gadd153) [30] . The induction of asparagine synthetase [28] and CHOP [31] genes by amino acid starvation involves both transcriptional and post-transcriptional mechanisms.
In this report, we sought to determine whether amino acids can regulate IGFBP-1 expression, and especially whether a change in blood amino acid concentration, consecutive with a change in nutritional status, leads to a modification of IGFBP- 
MATERIALS AND METHODS

Cell culture and treatment conditions
Cells from the human hepatoma cell line HepG2 were cultured at 37 mC under 95 % air : 5 % CO # in Dulbecco's modified Eagle's medium F12 (DMEM\F12 ; Sigma) containing 10 % (v\v) fetal bovine serum.
For amino acid starvation experiments, sub-confluent cells were washed twice with PBS and refed with a medium containing the indicated concentrations of amino acids supplemented with 10 % dialysed fetal bovine serum for the indicated time. Media containing various concentrations of leucine were made from DMEM\F12 medium devoid of methionine, leucine, lysine and glutamine (Sigma). Media starved of individual amino acids were made from DMEM\F12 medium free of amino acids (Gibco). The control medium was obtained by complementing the starved medium with the corresponding amino acids. Each amino acid was added at the concentration of that present in DMEM\F12. Media reproducing blood concentration of amino acids were made using DMEM\F12 medium free of amino acids. The concentrations of amino acids used to make the low-protein diet (LPD) medium and the control medium were as follows. (i)
Primary hepatocyte culture
Primary hepatocytes were prepared from male Fisher rats (about 180 g) using the collagenase perfusion method of Berry and Friend [32] . During a 4 h attachment period, cells were maintained in William Medium E containing 10 % fetal bovine serum supplemented with 1 µM dexamethasone and 1 µM insulin at a density of 2.5i10' cells\60 mm culture dish (Falcon). Cells were then washed with PBS and refed with a DMEM\F12 medium with or without leucine for 24 or 48 h in the presence of 1 µM dexamethasone and 1 µM insulin.
RNA isolation and Northern-blot analysis
Total RNA was prepared as described previously [33] . Northern blots were performed according to the procedure of Sambrook et al. [34] . RNA was cross-linked to the membrane by UV irradiation and then prehybridization was carried out for 2 h at 42 mC in 35% formamide\6iSSC (0.15 M NaCl\0.015 M sodium citrate)\5iDenhardt's reagent\0.5 % SDS. Hybridization was carried out for 16 h at 42 mC. The membranes were washed twice at 42 mC in 2iSSC plus 0.1 % SDS for 15 min. Labelled bands were visualized and quantified using a PhosphofluoroImager (Molecular Dynamics) and the IMAGEQUANT software. To control for either variation in the amount of RNA in different samples or loading errors, all blots were rehybridized with a DNA probe corresponding to 18 S RNA. Relative IGFBP-1 mRNA was determined as the ratio of IGFBP-1 mRNA to 18 S RNA, and relative glyceraldehyde-3-phosphate dehydrogenase (GAPDH) mRNA was determined as the ratio of GAPDH mRNA to 18 S RNA.
cDNA probe
The human IGFBP-1 cDNA was generously provided by Dr. Powell and Dr. Suwanichkul 
Immunoblot analysis
Proteins from 15 µl of culture medium were separated by SDS\PAGE on a 12 % (w\v) polyacrylamide gel and electrophoretically transferred to a membrane in 25 mM Tris\190 mM glycine. IGFBP-1 protein was detected in F. Cavaille's laboratory (INSERM U142, Ho# pital Saint-Antoine, Paris, France). Membranes were blocked for 1 h at 37 mC with a solution of 5 % nonfat milk powder in TN [50 mM Tris\HCl (pH 8.0)\150 mM NaCl]. The blots were then incubated with the anti-IGFBP-1 antibody (1 : 500) in blocking solution overnight at 4 mC then washed four times in TN containing 0.05 % Triton X-100, and incubated with horseradish peroxidase-conjugated goat antirabbit IgG (1 : 1000) in blocking buffer for 1 h at room temperature. After five washes the blots were developed using the enhanced chemiluminescence (ECL) detection system (Amersham). The quantification was performed after scanning of the film using the NIH IMAGE software.
Reverse transcription and PCR amplification
Cellular RNA (2 µg) was reverse transcribed in 20 µl of reaction mixture containing 200 units of Superscript (Gibco BRL) reverse transcriptase and 3.3 µM of random hexanucleotide primers (Gibco BRL).
Comparative kinetic analysis of PCR products has been used to accurately detect changes in mRNA levels between two samples [35, 36] . PCR was performed using 2 µl of cDNA preparation with reactions carried out for 18, 20 and 22 cycles of 94 mC denaturation for 20 s, 58 mC annealing for 20 s and 72 mC elongation for 20 s. Primers used to amplify murine IGF-I were 5h-CTTCACATCTCTTCTACCTGGC-3h and 5h-CTTCTGAG-TCTTGGGCATGTC-3h and yield a PCR product of 317 bp in size. To control for RNA quality and cDNA synthesis, GAPDH mRNA was also amplified (349 bp product). Primers used to amplify GAPDH were 5h-GCTGCCAAGGCTGTGGGCA-AGG-3h and 5h-ATGAGGTCCACCACCCTGTTGC-3h. The PCR products were separated by electrophoresis on a 3 % agarose gel, stained with SYBR Gold (Molecular Probe) and quantified using a Phosphofluoro-Imager and the IMAGE-QUANT software. Quantitative analysis of the electrophoretically isolated PCR products showed exponential expansion over the range of 18-22 cycles, as indicated by the linearity of the semi-logarithmic plot of fluorescence of the band versus cycle number (results not shown). Results were calculated as the ratio of IGF-I to GAPDH values at the y intercept [35, 36] .
RESULTS
Induction of IGFBP-1 mRNA and protein expression by leucine limitation
To understand the role of amino acids on IGFBP-1 expression, we have studied the effect of leucine limitation on IGFBP-1 mRNA and protein content in HepG2 cells. We chose leucine because : (i) leucine is an essential amino acid that was poorly utilized by the cells during a 16 h incubation period (results not shown) ; and (ii) leucine, which is transported by system L, is rapidly equilibrated through the cell membrane. To test the possibility that leucine concentration can influence IGFBP-1 expression, HepG2 cells were incubated for 16 h in medium containing different concentrations of leucine. As shown in Figure 1 (A), IGFBP-1 mRNA levels were low in control medium Primary culture of rat hepatocytes were incubated for 24 or 48 h in DMEM/F12 (jleu) or in DMEM/F12 lacking leucine (kleu) and harvested for RNA isolation. Northern-blot analysis was performed as described in the Materials and methods section. The blot was hybridized with rat IGFBP-1 and GAPDH probes.
Figure 3 Induction and reversal of IGFBP-1 expression by leucine starvation
(A) HepG2 cells were incubated in DMEM/F12 (jleu) or in DMEM/F12 lacking leucine (kleu) and harvested for RNA isolation after the indicated incubation times. (B) Following 16 h of leucine starvation, 420 µM leucine was added to the culture medium, then cells were harvested at the indicated times for RNA isolation. Northern-blot analysis was performed as described in the Materials and methods section. The blots were hybridized with human IGFBP-1 and 18 S probes. Quantification of the Northern blots is given graphically, below the respective panels. Each value represents the mean of 2 independent experiments. containing 420 µM leucine and were inversely proportional to the leucine concentration in the medium, ranging from 8-to 12-fold over the control value. Figure 1(B) shows that the IGFBP-1 protein level, determined by Western blotting, was dramatically increased when the leucine concentration decreased in the culture medium, following what was observed for its corresponding mRNA ( Figure 1C ). These results indicate that the expression of IGFBP-1 mRNA and protein, in human HepG2 cells, is regulated in response to changes in leucine concentration. The lowest plasma leucine concentration (in the range of 50-60 µM) is found in the blood of rats fed an LPD [24, 37, 38] . The highest plasma leucine concentration (approximately 500 µM) is found during the absorptive period of the nycthemere of rats fed a high-protein diet [24] . These data show that IGFBP-1 expression is significantly induced at leucine concentrations in the range of those observed in blood of protein-restricted animals.
To determine whether the induction of IGFBP-1 expression by leucine occurs in more differentiated cells than in the hepatocellular carcinoma cell line, we investigated the amino acid regulation of IGFBP-1 in isolated liver cells. As shown in Figure  2 , the IGFBP-1 mRNA level is increased in response to leucine starvation to the same magnitude as that observed in HepG2 cells. These results show that amino acid regulation of IGFBP-1 is not confined to hepatoma cells and occurs in well-differentiated isolated hepatocytes.
Time-course analysis of IGFBP-1 regulation by amino acids
A time-course analysis of IGFBP-1 mRNA levels in HepG2 cells exposed to medium lacking leucine indicated that mRNA was detectable 6 h after starvation and that a maximum level was reached after 24 h ( Figure 3A) . To determine whether the induction of IGFBP-1 expression by leucine starvation is reversible by leucine replenishment, cells were first incubated for 16 h in leucine-free medium ; then 420 µM leucine was added to
Figure 5 Effect of individual amino acid starvation on IGFBP-1 mRNA expression
(A) HepG2 cells were incubated for 16 h in medium lacking one amino acid. Total RNA was extracted, and Northern-blot analysis was performed. The blot was hybridized with a probe corresponding to human IGFBP-1, then rehybridized with an 18 S probe. (B) The data were quantified and normalized as described in the Materials and methods section. Each value represents the mean of 2 independent experiments. the culture medium. Figure 3(B) shows that leucine addition results in a rapid loss of IGFBP-1 mRNA content, with levels declining by over 90 % in the 4 h following the addition of leucine.
Role of protein synthesis in the regulation of IGFBP-1 expression by leucine starvation
To assess the importance of protein synthesis to the increase in IGFBP-1 mRNA expression during leucine starvation, cells were simultaneously deprived of leucine and treated with cycloheximide for 6, 8 and 10 h. Treatment with high cycloheximide concentration (2 µg\ml) totally inhibited protein synthesis, whereas treatment with low cycloheximide concentration resulted in a partial (approx. 50 %) protein synthesis inhibition (results not shown). As shown in Figure 4 , cycloheximide, at any concentration tested, totally abolished the accumulation of IGFBP-1 mRNA. These results indicate that the increase in IGFBP-1 mRNA during leucine starvation is dependent on de no o protein synthesis.
Specificity of the amino acid-dependent control of IGFBP-1 mRNA
To better characterize the amino acid-dependent regulation of IGFBP-1 mRNA, HepG2 cells were transferred to a complete medium or medium deficient in a single amino acid. RNA was isolated at 16 h to assay the IGFBP-1 and 18 S mRNA content. The level of IGFBP-1 mRNA was significantly increased in response to starvation of 11 amino acids : leucine, arginine,
Figure 6 Effect of amino acid concentrations reproducing the liver afferent blood concentration of amino acids in rats fed an LPD or a control diet
HepG2 cells were incubated for 16 h in medium containing a liver afferent blood amino acid concentration corresponding to rats fed with an LPD or a standard (C) diet. The amino acid concentrations are given in the Materials and methods section. (A) Total RNA was extracted, and Northern-blot analysis was performed as described in the Materials and methods section. The blots were successively hybridized with a labelled probe corresponding to human IGFBP-1, GAPDH and 18 S. (B) After quantification and normalization, results are given as percentages of IGFBP-1 or GAPDH expression in LPD medium. The error bars represent the S.D.s from the means of 3 independent experiments. Statistical differences were assessed by using the Student's t test (n 6).
valine, isoleucine, methionine, phenylalanine, threonine, histidine, tryptophan, lysine and cystine ( Figure 5 ). Depletion of phenylalanine (10-fold increase), cystine, methionine, valine and leucine (about 8-fold increase) resulted in the greatest increase in IGFBP-1 mRNA. Most of these amino acids are essential, with the exceptions of arginine, which can be synthesized in hepatic cells by the urea cycle, and cystine, which can be synthesized from methionine. Starvation of other non-essential amino acids does not significantly induce IGFBP-1 mRNA expression.
Amino acid concentrations corresponding to physiological concentration modify the IGFBP-1 mRNA level
To determine whether the amino acid-dependent regulation of IGFBP-1 mRNA occurred at physiological amino acid levels, HepG2 cells were incubated in a medium reproducing amino acid concentrations measured in the liver afferent blood of rats fed either an LPD or a control diet. The amino acid concentrations used in this experiment are given in the Materials and methods section. Plasma afferent concentrations of amino acids in rats fed an LPD are the average of data from Fafournoux et al. [24] , Leung et al. [38] , Moundras et al. [39] and Munro et al. [40] . Plasma afferent concentrations of amino acids in rats fed a control diet come from Fafournoux et al. [24] . The concentration of most of the amino acids increased in parallel with food protein
Figure 7 Effect of leucine limitation on IGF-II expression in HepG2 cells
Cells were incubated for 16 h in DMEM/F12 (jleu) or in DMEM/F12 lacking leucine (kleu) and harvested for RNA isolation. Northern-blot analysis was performed as described in the Materials and methods section. The blot was hybridized with a human IGFBP-1 probe (top panel), a human IGF-II probe (middle panel) and a GAPDH probe (bottom panel). The histogram represents the quantification of the 5.3 kb IGF-II mRNA normalized with GAPDH.
content, particularly essential amino acids and glucogenic amino acids.
HepG2 cells were incubated for 16 h in an LPD or control medium and then RNA was isolated to assay IGFBP-1, GAPDH and 18 S mRNA contents ( Figure 6A ). Relative IGFBP-1 and GAPDH mRNA were determined as the ratio of the mRNA to 18 S RNA, as described in the Materials and methods section. The control data are given as percentage of the LPD value. As shown in Figure 6 (B), the IGFBP-1 mRNA level was increased significantly by approx. 1.8-fold when cells were incubated in LPD versus control medium. In the same conditions, GAPDH mRNA content was not affected by alterations in amino acid concentrations in the culture medium. These results indicate that a change in amino acid concentrations corresponding to a change in the nutritional status can regulate IGFBP-1 mRNA expression.
The response of IGFBP-1 to amino acid limitation is not accompanied by changes in the amounts of IGF-I and IGF-II
It has been shown that IGF-I, IGF-II and IGFBP-1 expression are differentially regulated in response to malnutrition [17, 18] . The abundance of the hepatic IGF-I and IGF-II mRNA is decreased in young rats fed an LPD whereas IGFBP-1 expression is dramatically increased. To assess the role of amino acids in the hepatic IGF regulation, cellular IGF-I and IGF-II mRNA content was measured in response to leucine starvation.
The human IGF-II gene consists of eight exons that are transcribed and processed into three different mRNA species, which share common coding and 3h-untranslated regions [41] . As shown in Figure 7 , in HepG2 cells, the amounts of the two predominant human IGF-II mRNAs of 6.0 and 5.3 kb are not significantly affected by leucine starvation. Like IGF-II, the IGF-I gene is transcribed and processed into several mRNA species in human and in rat [41] . In human HepG2, IGF-I mRNAs were not detectable in a Northern blot (result not shown), probably due to the low level of IGF-I expression. Therefore, the relative amounts of IGF-I mRNA were estimated in primary culture of rat liver cells using reverse transcriptase PCR. We designed oligonucleotides in exons 2 and 3, which are common to all rat IGF-I mRNA species [41] . Figure  8 shows that IGF-I expression levels are not significantly affected in cells incubated in a leucine-free medium.
DISCUSSION
In protein-restricted animals it has been shown that the high IGFBP-1 expression levels cannot be explained entirely by a variation in the plasma level of glucose, insulin or GH [23] . These authors have hypothesized that amino acids by themselves could be involved in the higher induction of IGFBP-1 by protein restriction. The experiments reported in this paper were designed to investigate the role of amino acids in the control of IGFBP-1 gene expression, the major goal being to determine whether a change in amino acid concentration, corresponding to a change in the nutritional status, can regulate IGFBP-1 expression.
The two major sites of synthesis of IGFBP-1 in post-natal animals are liver and kidney. As liver is the source of most of the IGFBP-1 in blood [42, 43] , and because amino acid concentration is markedly affected by nutritional condition in the portal blood, it was of interest to examine the regulation of hepatic IGFBP-1 by amino acids.We have shown that IGFBP-1 regulation by leucine limitation occurs in well-differentiated isolated hepatocytes, as well as in the hepatoma cell line HepG2 (Figure 2 ) and the H4-II-E cell line [23] . Therefore, HepG2 cells constitute a good model to study amino acid regulation of IGFBP-1 expression.
To characterize the role of amino acids in the control of IGFBP-1 expression we have tested the effects of individual amino acid depletion on hepatic IGFBP-1 mRNA. Our results show that depletion of arginine, cystine and all essential amino acids significantly affects IGFBP-1 mRNA levels in a human hepatoma cell line, HepG2. It is noticeable that amino acids whose concentrations are affected by nutritional status [24] are those that play a major role in the control of IGFBP-1.
Starvation of most of the non-essential amino acids fails to induce IGFBP-1 expression. These data are consistent with two hypotheses : (i) the intracellular concentration of non-essential amino acids is not depleted enough to allow IGFBP-1 induction ; and (ii) the regulatory mechanism of IGFBP-1 expression is specific to certain amino acids. Several results favour the second hypothesis. First, depletion of two non-essential amino acids, arginine and cystine, can significantly induce IGFBP-1 mRNA expression. Secondly, we reproduced an amino acid starvation using alcohol derivatives of amino acids, which inhibit the corresponding tRNA synthetase, and we have shown that alaninol treatment is not able to induce IGFBP-1 expression, whereas leucinol and histidinol treatments induce IGFBP-1 expression (results not shown). Similar results were obtained for the regulation of asparagine synthetase [44] .
The induction of IGFBP-1 mRNA and protein in response to leucine limitation was observed for concentrations ranging from 0 to 70 µM. Similarly, IGFBP-1 expression was significantly induced for partial methionine or arginine depletion in the range of 20 and 50 µM, respectively (results not shown). These concentrations are of the same magnitude as those observed in the blood of rats fed an LPD [24, 38] . All together, these results show that amino acids by themselves participate in IGFBP-1 gene regulation.
A change in the nutritional status leads to a modification in blood concentration of most amino acids. However, the variation in concentration differs for individual amino acids. In order to determine whether a change in amino acid concentration corresponding to a change in the nutritional status can modify IGFBP-1 expression, we reconstituted a culture medium reproducing the amino acid concentration found in the portal blood of animals subjected to various diets. Amino acid concentrations reproducing portal blood of rats fed an LPD lead to a significantly higher expression of IGFBP-1. In these experiments, the culture-medium concentrations of other components involved in IGFBP-1 regulation were not changed. Particularly, the glucose concentration was kept at a high level (4 g\l), whereas insulin was kept at low levels. These data show that amino acid concentrations reproducing nutritional situations can significantly modify IGFBP-1 gene expression.
In humans, plasma amino acid profiles have been shown to be altered in cases of malnutrition. For example, an amino acid profile alteration has been reported when there is a deficiency of any one or more of the essential amino acids, a dietary imbalance of amino acids or an insufficient intake of protein. Moreover, malnutrition is often associated with high levels of infection and infestation. Therefore, the pattern of amino acids in the plasma of subjects with malnutrition is also influenced by the effects of infection and loss of appetite [45] . In such a situation, the plasma concentration of certain essential amino acids can be dramatically lowered ; for example, leucine and methionine concentrations are reduced to 20 and 5 µM, respectively, in plasma of children affected by kwashiorkor [46, 47] . Therefore, in the case of malnutrition, amino acids by themselves play an important role in the regulation of IGFBP-1 expression.
Nutritional status is also an important regulator of the IGF-I and IGF-II [9] . In rat, expression of IGFs is decreased by specific protein restriction, whereas IGFBP-1 expression is strongly increased [9, 23] . Very little is known about molecular mechanisms involved in the nutritional regulation of blood IGFs. In the present study we show that amino acid limitation does not decrease hepatic IGF-I and IGF-II expression. However, in animals fed an LPD, the clearance rate of IGF-I is increased [48] . According to Thissen et al. [48] this increase might be caused by an increase in the fraction of IGF-I complexed with IGFBP-1. Our results suggest that, in protein-restricted animals, amino acid limitation could be one of the regulators of IGFBP-1 expression. Consequently, IGFBP-1 could regulate the biological activities of the IGFs and, finally, could be involved in the regulation of animal growth.
Our results show that amino acids can co-operate with glucose, GH and insulin to regulate IGFBP-1 gene expression. These data represent the first demonstration that a shortage of amino acids, as occurs in protein-restricted animals, induces IGFBP-1 mRNA and in this fashion participates in the regulation of growth. Further studies will be necessary to know the molecular mechanisms involved in the regulation of IGFBP-1 gene expression by amino acids. The molecular basis for gene regulation by dietary protein intake is important with respect to growth regulation of young individuals living under conditions of restricted or excessive food intake.
